INTRODUCTION
Chimpanzees in captivity have been known to show fear response to snakes 1 , and wild chimpanzees in Gombe,
13
Tanzania, showed not only fear and avoidance responses (e.g., leaping back, moving away) but also aggressive behavior (e.g., hitting the snake, chasing and stamping on the ground, shaking saplings) toward live snakes (Causus rhombeatus, Philothamnus spp, etc.) 2 . Wild chimpanzees have also been known to express a "waa" bark 2 and a "huu" ("hoo") call 2, 3 when they saw snakes. However, few observations of the reactions of chimpanzees to snakes have been made in the wild.
African pythons (Python sabae) have been thought to be among the potential predators of juvenile and infant chimpanzees 4 . Only one case involving the reactions of
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wild chimpanzees to a half-dead python has been reported under experimental conditions in Gombe 2 . However, no reports on encounters between wild chimpanzees and wild pythons have been published. In this study, I will report on the response of wild chimpanzees to a live python.
METHODS
I conducted field work from November to December 2008 in the Mahale Mountains National Park in Tanzania. I observed the members of M group 5 , which was consisted of 59 chimpanzees during the study period. I occasionally used a video camera (SONY, DCR-PC105) to record behavior.
OBSERVATIONS
I observed a party consisting of seven chimpanzees (two adult females: GW, RB; two adult males: AL, PM; two young females: PF, RC; and one infant: RB07) at 12:04 on December 15, 2008 . At this time, they were resting in the forest near the Mpila River in the northern part of the home range of M group. At 12:07, I heard "wraa" calls from a few hundred meters east. RB then visually searched for the direction from which the "wraa" calls came and for the location of her offspring (RC and RB07); she alternated between these two search patterns. The "wraa" calls were uttered continuously by one chimpanzee. At 12:10, GW and her adopted offspring (PF) traveled eastward, and RB followed them with her offspring. The two adult males did not move immediately; however, 2 minutes later, PM (alpha male) also went eastward, and AL (beta male) and I followed him.
At 12:18, we arrived at a bush with thick woody vines and met another seven chimpanzees (three adult females: CA, FT, LD; two juvenile females: FV, CR; and two infants: FM, LD07). The party now consisted of 14 chimpanzees, but only one chimpanzee gave "wraa" calls. Eleven chimpanzees watched the bush from a distance of 3 meters. Four juveniles (CR, FV, PF, and RC) climbed a 2-meter-high woody vine, but the adults (AL, PM, and GW) and the mothers ventrally carrying infant offspring (LD and LD07, RB and RB07) sat on the ground. These observers waited and watched events occurring near the bush. At 12:22, AL shook a woody vine quietly and leaped back, but the others did not move and did not show surprise. Next, PM approached and sat on a woody vine about 1 meter from the bush and shook the vines both aggressively and gently.
At 12:25, PM stopped shaking the vines and sat on the ground; he glanced at the bush and leaped back when he noticed the head of python sticking out of the bush ( Figure 1 , Video 1: available online at mahale.main.jp/ PAN/18_2/18(2)_01.html). The python lay motionless for several seconds but then started to come toward me. I moved away on my hands and knees, and 10 seconds later, I looked back and saw the python slithering on the ground about 5 meters away from me. The chimpanzees watched the python intently ( Figure 2 ). We observed the python for about 1 minute until it hid in another bush. Twenty seconds later, PM tracked the python quietly on foot, but he stopped, turned to look at AL, and grimaced ( Figure 3 ). AL immediately approached PM; RB, who was carrying her infant ventrally, and RC followed, and they all tracked the python (Figure 4) . Two minutes later, GW, FV, and CA approached this group, which now surrounded the bush the python had entered. "Huu" calls were uttered by one or two chimpanzees during the 2 minutes after the python had appeared, but "wraa" calls were not heard.
At 12:35, AL stopped waiting for the python and left; PM followed him. I heard pant-hoots from their direction, and these were met by pant-hoots uttered by many other members of M group, who were a few hundred meters from their location. Some of the females of the focal party remained near the bush for more than 30 minutes, but the python did not appear again.
According to estimates based on the video recording, the python was about 2.8 meters long and 0.08 meter in maximum diameter, and moved at a speed of about 0.27 m/s (= 1.0 km/h).
DISCUSSION
Chimpanzees in Gombe showed fear and avoidance responses (rushing away, climbing trees) accompanied by loud "wraa" and soft "huu" calls when they detected a nearly dead python placed within the observation area 2 . Chimpanzees in Mahale also expressed "wraa" and "huu" calls, but after watching the python, only "huu" calls, which express puzzlement, surprise, or slight anxiety directed toward such phenomena as small snakes, rustling noises made by unidentified creatures, and so on 6 were heard. Chimpanzees in Mahale also showed fear and avoidance responses (leaping back, climbing on vines, grimacing) to a python, but they were thought to be more interested in the python because they spent more time waiting, watching, and tracking it. Even a mother with her infant held ventrally and a juvenile followed the python despite its status as a potential predator of juvenile and infant chimpanzees 4 . Many species of primates face a risk of predation from snakes. It has been hypothesized that the need to avoid snakes shaped the evolution of the primate visual system 7 . This hypothesis has been supported by experiments on Japanese monkeys (Macaca fuscata) reared with no experience with snakes who rapidly detected a picture of a snake 8 . Wild chimpanzees have been shown to detect and avoid pythons, but they also expressed interest in and approached these creatures. Although many researchers have studied chimpanzees in Mahale over the course 40 years, this is the only case of an encounter between chimpanzees and a python that has been reported. Because the chimpanzees of Mahale may not have been exactly sure about the nature of a python due to their lack of experience with this species, they may have been attracted to and puzzled by it.
INTRODUCTION
Chimpanzees daily make and use tools, and most of their tool manufacturing transforms vegetation by stripping, peeling, splitting, crushing, clipping, etc. In habituated populations, behavioural data accompany the artefacts, so that observers see precisely how the tools are made and why. However, chimpanzees also modify detached vegetation when not making tools, and these activities may leave behind puzzling artefacts.
Such are the 'wadges' (or 'quid') of the pith of the wild date palm, Phoenix reclinata, which we analyse in detail here. The artefact is obvious when encountered: A straight stem is bent repeatedly to alternating sides, concertina-style, so that it has a series of folds at acute angles (see Figure 1 ). These objects are the spat-out products of buccal compression, from which juices have been extracted by squeezing them between tongue and palate. Their 'function' is straight-forwardly nutritional, but the puzzles exist: Why do they take this distinctive shape, and why do so many wadges have an odd number of folds while so few have an even number of folds?
The only previous report of leaf-folding comes from the chimpanzees of Bossou, Guinea, who manufacture water-extracting tools [1] [2] [3] [4] . To make these tools, the apes fold sets of 1-4 leaves (mostly of Hybophrynium braunianum) at about 3-cm intervals, while stuffing them into the mouth. This device is inserted by hand into a treehole containing water, then extracted and sucked, as a source of sustenance. (Such leaf-folding differs from leafsponging and leaf-spooning, although all three techniques yield drinking water 3 .) Wadging entails a nutritious object being manipulated by mouth but not swallowed; it seems to be a universal chimpanzee food-processing technique. Goodall 5 (p. 238) described wadging at Gombe in detail, noting a variety of food-items, mostly fibrous plant-parts, e.g. figs, bark, etc. In some cases, chimpanzees add leaves to f leshy, 'rich'-tasting foods, such as meat, eggs, honey, or overripe fruit, to form a compressed, homogenised bolus. This may be swallowed, but usually there is an accumulation of amorphous, jumbled fibre-spheres left on the ground. (Presumably, wadges are ejected rather than ingested, because the fibrous mass of foliage is of low quality and would take up valuable gut space.)
We have found no previous record of accordion-folded wadges from any other species of non-human primate. Here we document these special wadges and seek to infer how the artefacts end up with a non-random design, that is, a prevalence of odd-numbered folds. We predicted that the number of folds is positively correlated with the length of the pithy stem involved; given a standard unit of folding distance, the longer the stem, the more folds required. However, we had no clue a priori about the biased number of folds.
METHODS
We studied the wild chimpanzees (Pan troglodytes schweinfurthii) of the Toro-Semliki Wildlife Reserve, Uganda 6 . If the partly-habituated chimpanzees could not be un-nested at the beginning of the day, we searched for them, listening for calls and looking for their signs. Once contacted, we stayed with them for as long as possible. These apes occupy a largely open habitat, which is a mosaic of grassland, scrub, open woodland, gallery forest, and swamp. In tracking or following chimpanzees, we noted feeding traces left by them. For wild date palm wadges, we counted the numbers in an assemblage and noted the sources from whence the piths had been detached. Intact and fresh (less than 24 hr old) wadges were collected in plastic ziplock bags and returned to camp for processing. In camp, WCM measured wadges to the nearest 0.5 cm, from fold to fold, and counted the number of folds. Thus, a folded-pith wadge with 'n' folds yielded 'n + 1' measureable segments.
RESULTS
Remnants of the chimpanzees' wadging of wild date palm were found daily over May-September 2008. A typical assemblage consisted of several mature fronds lying on the ground less than 5 m from the presumed source plant. A source plant was identified by freshly-damaged ends of the still-intact fronds; these were readily apparent because white pith revealed by the damage contrasted with the green outer colour of the foliage. Detached fronds were split length-wise and clipped cross-wise, producing segments of 8-50 cm length. All of the outer epithelium of the segments was peeled away, leaving only the grainy, moist, fibrous pith in strips of less than 1 cm diameter. Few were unused or incomplete strips of pith, by comparison with more than 30 wadges left strewn on the ground (See Figure 1) . These artefacts often were concentrated in areas of less than 50 cm diameter, sometimes in a loose pile, as if the wadger had sat still and worked through a set of wadges before moving on. Fresh wadges had a distinctive pale gold colour and were moist; older wadges turned white and shrank in size as they dried. Desiccated wadges also expanded, changing the angles of the folds from acute to obtuse, unless the fibres were tangled up with one another.
How did we know that these artefacts were made by chimpanzees, if we had not seen them being made? Several times observers were within 5 m of chimpanzees wadging palm fibre in thick undergrowth; we glimpsed fragments of their behaviour and heard the distinctive sounds of fronds being detached. We then recovered fresh artefacts from the site only minutes later. Once, a chimpanzee carried fronds into a tree and wadged arboreally. Also, we often saw the chimpanzees wadging other vegetation, e.g. at least 4 species of tree-bark (but all of these wadges were the more typical jumbled balls). Many wild date palm wadges were recovered when we tracked chimpanzees, only minutes ahead of us. We found imprints of knuckle-and hand-prints in association with the wadges. No other animals at the study-site did such wadging, nor were there resident humans present to do so.
We measured 110 wadges to the nearest 0.5 cm. These had 1-14 folds; 56 had 3 folds, making it the modal number. Fully extended, the wadges averaged 15.9 cm long (n = 110, range 8-50, median & mode = 17.5). The mean distance between folds (i.e. length of segment) was 3.8 cm (n = 563, range = 1.5-6.5, median = 3.5, mode = 3.0). There was a positive correlation (Spearman's rho, n = 11, rs = 0.98, p < .001, two-tailed) between mean length of wadge and the number of its folds, suggesting that segment-length is relatively standardised (see Figure  2 ).
Many more wadges had an odd number of folds (1,3,5,7, etc.) than an even number of folds (2,4,6,8, etc) . (See Figure 3) For every adjacent pairing, that is, 1 vs. 2 folds, 3 vs. 4 folds, etc., the prevalence of odd-number folds was greater. Presumably the predominance of 3-4 folds is a function of the preferred overall length divided by the typical segment length (see above). Overall, 91 (83%) wadges had 1-13 odd-numbered folds, while only 19 (17%) had 2-14 even-numbered folds (Binomial test, n = 110, z = 6.77, p < .001, two-tailed) (This was not a collection bias, as the number of folds was obscured in the field and could not be ascertained until the artefact was extended back in camp.)
DISCUSSION
If the implicit interpretation of leaf-folding at Bossou is that the optimal dimension of the fold is a function of the space available in a chimpanzee's mouth, then it makes sense for pith-folding too. The most economical way to pack a linear object into a much smaller space is to compact it to the maximum permissible length, and the most efficient form of compaction is folding. Thus it is notable that the average length of fold of leaves at Bossou was 3 cm versus 3.8 cm for pith-folding at Semliki. So, all other things being equal, the correlation between number of folds and total length of wadge is likely to be a matter of anatomical (buccal) constraints. (Other, leafy wadges are amorphous in shape, but the stiff longitudinal fibres of the pith make folding the better alternative.)
But what about the odd-even difference? Perhaps chimpanzees consistently clipped lengths of pith that when folded to the optimal segment-length of about 3-4 cm were somehow biased toward an odd number of folds. This seems nonsensical. If an ape were sufficiently pernickety about producing exactly the right number of folds to fill up the mouth, then on average, all other things being equal, one would expect a 50:50 chance of odd or even, given individual variation in buccal volume.
A solution to the oddness riddle emerged serendipitously from chance, unobstructed observations of habituated chimpanzees at another Ugandan field site, Kanyawara, in Kibale National Park. There, chimpanzees wadge the pith of papyrus (Cyperus papyrus) stems. They usually produce amorphous, jumbled-mass wadges, but they occasionally fashion concertina-shaped, folded wadges that are identical in form to the Semliki ones (Bertolani, pers. comm.; See Figure 4 ). The technique is as follows: After clipping the stem to the final length, the ape folds it in half, with one end in the lips and the other in one hand. She then 'feeds' the doubled-over stem into the mouth by the same hand, initial-fold first. Each new fold of the doubled-stem thus produces a pair of folds, which when added to the single initial fold, gives an oddnumbered total. Occasionally, the wadger does not bother with the initial fold, and just 'feeds' the stem into the mouth; presumably these artefacts have a 50:50 chance of ending up with an odd or even number of folds.
To what extent does pith-folding at Semliki resemble 
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leaf-folding at Bossou? There are several differences 3 : The folded leaf is a tool, the pleats of which increase the water-holding ability of the leaves. The multi-folded pith is not a tool, and the folds seem to have no containing function. So, Semliki wadges are discarded after one use, whereas Bossou's wadges may be re-used up to 122 times. At Semliki, only one species of plant is used for folding; at Bossou at least seven species are used. In making the wadge, at Semliki the raw material is folded over at its centre-point before being 'fed' into the mouth; at Bossou the raw material is stuffed directly into the mouth, starting at one end of the leaf. Most of these differences can be explained by the differing functions of the activities.
On the other hand, there are some similarities: Both procedures modify plant materials in order to fill up the buccal cavity, using folding as a technique to do so. The resulting pleats are evenly and similarly spaced, yielding a concertina-like artefact with alternating folds. The making of both types of artefact involves hand-mouth coordination. Most of these similarities can be explained by the similar biomechanics of the tasks.
Who cares if the number of folds in a wadge is odd or even? One answer is that this is the stuff of culture, not just of gross differences across populations, but also of nuanced variation, when cultural traits are basically similar but subtly different. Such trivial variants are common in human cultures, and the same may be true of nonhuman artefacts. This ethnographic note reminds us that culture is a layered phenomenon, and that if we operate on one level only, we may miss important features. Another answer is that researchers who work with artefacts, e.g. archaeologists, face challenges in inferring how those artefacts were produced. Etho-archaeology reminds us how difficult it can be to imagine the absent processes that result in material culture.
INTRODUCTION
The grooming hand-clasp (GHC) was the first documented social custom in wild chimpanzees 1 . It occurs when two chimpanzees seated opposite one another clasp hands overhead and groom each other's underarm with their free hand. The resulting configuration is strikingly symmetrical. Variant forms include one participant grasping their partner's hand or wrist, and 'wristto-wrist' in which participants rest their wrists against each other's forearm, usually one partner supporting most of the weight of both 2, 3 . The behavior may originate from branch-clasp grooming-a universal behavior in chimpanzees 4 -in which participants grasp an overhead branch whilst grooming socially 1 . GHC has a patchy distribution across Africa. It occurs in more study communities than not (whether present, habitual or customary), yet is notably absent at three long-term sites: Bossou (Guinea), Gombe (Tanzania), and Budongo (Uganda) 4, 5 . Records from new study sites are valuable because they increase our understanding of chimpanzee behavioral variation. Here I report preliminary observations of GHC in chimpanzees at Bulindi, Uganda.
STUDY SITE
Bulindi is a forest-agriculture ecotone, 25-km south of Budongo Forest (Figure 1 . Consequently, observations of social behavior including grooming and dominance interactions increased as the study progressed.
OBSERVATIONS
Two instances of GHC were observed in which the identity of participants was confirmed. At 0736 on 29 May 2007 we followed chimpanzee vocalizations to a clearing in heavily logged forest. Four adult males were seated on a rotting log, 27 m distant. Two males immediately climbed down behind the log while two (JL and MR) remained in view, staring with hair erect. Previous short-range encounters with chimpanzees generated alarm and agitation, usually accompanied by threats from adult males 7 . However, on this occasion the males did not threaten us. After approximately two minutes, JL and MR began self-grooming while monitoring us; a third male (JK) was peeping from behind the log. At 0808 KT climbed on the log and stood glaring at us with erect hair. When he sat JL began grooming him; after several minutes they groomed mutually. At 0818 they raised their right arms overhead and performed the wrist-to-wrist variant of GHC (Figure 2a ). Video analysis indicated that JL initiated or facilitated the bout by momentarily taking hold of KT's right forearm at elbow and wrist and gently pushing upwards (Figure 2b ). Once extended, KT's wrist appeared supported by JL's wrist (Figure 2a) . The bout lasted 49 seconds (Video 1, available online at mahale.main.jp/ PAN/18_2/18(2)_03.html).
The second instance occurred on 31 July 2007. At 0859 we observed JL, KT and MR in a Parkia filicoidea tree, 55 m distant. JL and KT were grooming mutually. At 0904 they raised their left arms and performed wrist-to-wrist GHC for approximately 60 seconds. On this occasion JL rested his left hand/wrist on KT's forearm.
Two further instances of GHC were recorded. On both occasions grooming chimpanzees were observed in tree crowns from ≥ 80 m distance and identity of participants, and the form of GHC, was unconfirmed. In one case JL and KT formed a grooming clique with an estrous female but it was unclear if the two males performed GHC or if one performed it with the female. In the second case two adult males partially obscured by foliage performed GHC. Two other males in the party were identifiable (SL and MR). When the party moved off four adult males were present; the two unidentified males were almost certainly JL and KT.
Overhead branch-clasp grooming was witnessed three times: once it occurred between JL and KT, once between KT and SL, and once between an unidentified adult male and estrous female.
DISCUSSION
GHC is performed usually, but not exclusively, by adults 1, 5, 8 . While a possible male bias was indicated in some studies 2, 9 , adults of both sexes participate in this activity 1, 5 . However, particular individuals 9,10 and dyads 5, 10 may perform GHC more often than other group members. Adult females at Bulindi were shy of human observers and most grooming observations involved adult males. Thus, further study is needed to establish the occurrence of GHC in females at this site. Two well-observed GHC bouts involved the same two prime adult males (JL and KT) who were also the likely participants in two additional instances. These males performed GHC twice during four well-observed bouts of mutual grooming totalling 157 min. A third prime male (SL) groomed with KT during three bouts (118 min), but they did not perform GHC. JL and SL seldom interacted and were not seen grooming. Two young adult males (MR and JK) and an elderly male (LR) were also encountered regularly but were rarely seen grooming with other males. These preliminary observations suggest JL and KT-who both received submissive behavior from other males, including the largest male SL -had a GHC 'partnership' 10 . More data are evidently needed, but we may tentatively classify GHC as 'habitual' at Bulindi 4 . While GHC occurs at Bulindi, it has not been seen 25 km north in the Sonso community at Budongo 11 . GHC has not previously been reported present in one community yet absent in another so nearby (Mahale, where it occurs, and Gombe, where it does not, are separated by 150 km; Kibale, where it occurs, and Sonso, where it does not, are 170 km apart). GHC has also not been seen in the small Kasokwa community bordering the southern edge of Budongo (Janette Wallis, pers. comm.) (see Figure 1) . Bulindi chimpanzees use tools to excavate subterranean bee nests for honey-a behavior not recorded at Sonso or elsewhere in western Uganda 12 . The occurrence of GHC at Bulindi provides further evidence of behavioral variation among chimpanzees in the Budongo region. Multiple small chimpanzee groups inhabit forests patches within the cultivated landscape south of Budongo 13 . Chimpanzees occur north of Bulindi, closer to Budongo's southern border (e.g. around Kasongoire Forest Reserve). Future studies should aim to establish the status of GHC among chimpanzees in this intervening area.
GHC was first identified in 5/8 (63%) long-term study communities 4 . An expanded data-set reveals it occurs in 14/17 communities (82%), including two Pan paniscus communities 5, 8, 14 . If we include Bulindi and Kasokwa it occurs in 15/19 (79%). This suggests GHC is usually present in wild populations. Nevertheless, it is easier to confirm presence than absence in unhabituated or semihabituated communities. Despite the emerging high prevalence of GHC in wild chimpanzees, the evidence for its absence at three sites (Bossou, Gombe, Sonso) is firmit has not been seen at these sites in decades of fieldwork. GHC has emerged spontaneously in one captive colony 15 and possibly one sanctuary-released group 9 . This indicates GHC is a dynamic social custom that potentially emerges and disappears in local populations repeatedly over time. The world faces a massive human-accelerated biodiversity decline. Western lowland gorillas (Gorilla gorilla gorilla) and central chimpanzees (Pan troglodytes troglodytes) are heavily concerned by this decline, with a range-wide mean of 50% having perished 1,2 , due to hunting for meat, disease and habitat loss and disturbance 3, 4, 5, 6 . A large majority (approximately 80%) of all remaining populations of chimpanzees and gorillas live outside protected areas (PAs) 7, 8 where human pressures are high. A serious everyday threat to great ape survival is hunting for meat 3 and as a result of the poverty of an ever-growing local population with a taste for game meat, traditional bushmeat hunting has become more and more driven by economic forces 9 . In the Dja Biosphere Reserve (DBR) it has been noted that all large and medium-sized mammalian species (except galagos and pottos) are hunted for human consumption 10 ; that wildlife is the source of 98% of the animal protein consumed in villages and towns in the vicinity; and that game meat comprises close to 80% of all meat eaten by the inhabitants-a large portion of this meat acquired through poaching in the reserve 11 . Severe effects on animal populations can result, leading to decline and extinction of even small-bodied, fastreproducing species that were previously thought of as being insusceptible to the pressures of hunting, for example some duiker species 10, 12 . Great apes are especially vulnerable to high hunting pressures impacting negatively on their populations, as they are large-bodied animals with slow reproductive rates, and they cannot rapidly recuperate from losses 1 . Projet Grands Singes (PGS) of the Royal Zoological Society of Antwerp (RZSA), Belgium, seeks to promote wildlife conservation and decelerate the rate of decline of species such as great apes in this region with communitybased interdependent conservation and development objectives 13 . PGS works in a non-protected forest in the buffer zone of the Dja Biosphere Reserve (DBR; see Figure 1 ), which is considered as an 'exceptional priority area' for great ape conservation as a result of its size (5,260 km²), rich biodiversity, and estimated large population size of great apes 14 but in recent years, UNESCO has threatened to declassify the reserve as a result of limited action on the ground 15 . Being the sole great ape conservation and research project in the northern periphery of the DBR, PGS adopts an important multi-layered approach in its management of the site: including awareness programmes, control of poaching, supply of alternative incomes and recognition of rights of local people 16 . In this area, rural communities of Baka and Bantu (Badjoue tribe) are amongst the poorest (< $1/ d), least developed (infrastructure like roads, schools and health centres lacking) and least educated (literacy and rates of school attendance) in the country. PGS aids communities to develop participative sustainable hunting management plans to ensure livelihood security and an improved social and economic well-being 17 , as well as contributing to the maintenance of biodiversity; a method that has been suggested as being crucial, in conjunction with government-led mechanisms for monitoring and law enforcement, in the maintenance of sustainability of bushmeat harvesting 18 . Secondly, PGS provides small-scale development training and financial aid for the local people, in an attempt to reduce poverty and aid in wildlife protection 19, 20 . Finally and crucially, PGS uses scientific research as a conservation tool to forge a rare and important direct link between conservation and benefits for the local communities 21 . International researchers use established research facilities to contribute to knowledge of great apes, inarguably crucial to the conservation of any species 2 , while regular employment of local people in research activities reinforces the value of living wildlife and intact forests to the community. Furthermore, the presence of the camp and staff acts as a deterrent to poachers, and in effect offers the site 'semi-protection' 22 . Additional project activities including sensitisation to wildlife laws and conservation benefits, and investments in anti-poaching actions led by local authorities, further contribute to the better understanding and capacity of the local population to embrace great ape conservation in their forests.
<NOTE>
Evaluating the Effectiveness of a 10-Year Old Great Ape Conservation Project in Cameroon
However the extent and effectiveness of conservation projects such as PGS are poorly known 20 and the pressing need of evaluation and evidence of success remains 18, [23] [24] [25] . Such evaluation is crucial for planning, refinement and assessment of the effectiveness of conservation approaches 26 . There is an urgent need to conduct extensive, regular and coordinated evaluation of all conservation efforts, including repeated surveys of great ape density and abundance and hunting pressures in the locality 27 , as well as reporting on outcomes such as technical feasibility, economic sustainability, social appropriation, and conservation outcomes 18 in order to ensure the feasibility of participative conservation actions in such non-protected buffer zones.
It has become evident in the PGS site that gun hunting has dramatically increased in the locality (unpublished data), in accordance with documented trends 3 . This is due 
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to easier access to homemade cheap and effective shotguns in recent years; and better accessibility to rural areas as a result of an influx of cheap motorbikes allowing buyers from towns and cities to leave commands-and the ammunition required-with local people 10, 28 . Furthermore, in accordance with this increase in gun hunting, more bushmeat being taken from the forests is being sold than in previous years; non-great ape primates are occurring more often in the bushmeat taken from the forest; primates are mostly being caught with guns; and the majority of these primates are being sold (unpublished data). This suggests that the bushmeat markets in the region are becoming more and more commercialised 9, 10 , in keeping with the documented increase in intensity and spatial extent of commercial hunting which has been gradually taking hold for decades 1 . This change in hunting in the region shows the seriousness of threats and pressures being exerted on great ape populations in non-protected forests over the last decade. It is this commercial bushmeat trade that wipes out species 10 . Furthermore, amongst tribes in this locality the hunting of apes is not a traditional taboo: ape meat is readily consumed and ape bones are used for traditional mystic practices. As a result, the demand for bushmeat is high and human population density continues to rise 3 , meaning that hunting pressure represents a serious threat to the viability of the local great ape population. Great apes produce one offspring every four to five years, when their previous offspring is weaned, so the rate of weaned individuals being killed by hunters with guns can easily be higher than the rate of replacement 1 . If apes in the PGS site had been subject to such intensifying hunting pressures since its launch 10 years ago, we might expect to see a huge decline in great ape numbers in this time, or even local extirpation. Studies in sites across the extent of great ape range have shown such declines in great ape nest encounter rates (eg, 90% in 17 years in Ivory Coast 1, 14, 29, 30 ). However, encounter rates per kilometre (ERKs) of chimpanzees and gorilla nest sites in the PGS site in the buffer zone of the DBR did not significantly change between the launch of PGS in 2001 and later surveys in 2008 (paired sample t-tests: chimpanzee p = 0.579; gorilla p = 0.260; see Table 1 ). This implies that the abundance of chimpanzees and gorillas has remained stable despite the increase in gun hunting in the area, suggesting that there has been a check on the negative impacts of hunting on great ape populations during this timeframe 10 . This check on great ape hunting is suggested to be due to the multi-layered and long term approach of PGS. Its myriad of conservation and development activities have resulted in a local amnesty on great ape killing in the focal area and suggest that, even in non-protected and heavily-used forests, it is not too late. Such conservation projects are highly capable of having a positive effect on the protection of biodiversity, in particular great apes, and therefore remain crucial. Stokes 31 commend the effectiveness of initiatives to reduce poaching and protect habitats in the maintenance of high abundances of great apes and elephants. Others say it cannot be denied that such conservation actions (including education, livelihoods, incentives and capacity-building) are important 16, 20, 32 and thatquite simply-there is hope. 
INTRODUCTION
The western chimpanzee (Pan troglodytes verus) is considered as one of the most threatened ape species, facing a dramatic decline over the last decade 1, 2 . The latest conservation action plans classified Senegal as "an exceptionally important priority area" for chimpanzee protection, which demands immediate attention 3 . Chimpanzees have been expatriated from at least two African countries and IUCN estimated the Senegalese population to be almost extinct, numbering between 200 and 400 4 . Most apes range in small isolated communities in intense sympatry with local ethnic groups. Major threats include human encroachment, deforestation for crops, gold and iron digging, along with limited pet trade 5 . Additionally, this population lives at the northern edge of species' distribution, in extremely hot, dry and open savanna landscape that characterized an important transitional period in human evolution 6 . Chimpanzees though have a mythical relation with Senegalese people; therefore local folklore and taboos allows them to share space. This project is part of the investigation "Conservation of chimpanzees in south-eastern Senegal: the human element" supervised by JD Pruetz. Initially, we identified ape communities in Bandafassi Arrondissement, their ranging patterns, key water and food sources, and particularly chimpanzees' relation to humans via an ethnoprimatological approach 7 . Due to the importance of water sources with gallery forests, specific food-rich areas, and conflicts with humans encountered we focused on three priority fieldsites: mountain slopes above Bandafassi village, where chimpanzees were known to attack goats; the stream of Angafou (12°34′N, 12°24′W) , its rich gallery forest and mango orchards, being crop-raided by apes, supposedly after commercial harvesting of baobab and Saba fruits increased; and the surroundings of Nathia (12°29′N, 12°22′W), which was not identified in previous surveys 2 and shows no conflict between species. Two buffer-zones are surveyed sporadically to provide basic information about the presence of chimpanzees in the remaining forest patches between the Niokolo Koba national park and neighboring Guinea-Conakry. Several sites along Gambia River indicate various conflicts between chimpanzees and humans (e.g. palm-wine harvesting, raphia or bamboocutting, artisanal gold-digging sites). Chimpanzees are seen there only when people are not common, and it appears that their seasonal activity affects the ranging patterns of apes.
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METHODS
Habitat composition at study sites was sampled by walking several km in random directions and assessing the general habitat within a 50 m radius each 30 m. The classification of vegetation types was adapted after Bogart & Pruetz 8 . In March 2011 a phenology transect (1 km long, 10 m wide) was established at each study site to monitor tree production monthly throughout the year. Chimpanzee and human usage is assessed here on a total of 507 woody plants. Key food sources (e.g. Adansonia digitata, Cola cordifolia, Parkia biglobosa, etc.), and termite mounds and beehives were marked as well. We also noted encounters with large mammals and humans to estimate the presence of predators, competitors and potential prey-species for chimpanzees. Data were systematically collected upon sightings, nesting 9 and feeding sites, while signs of material culture 10 were recorded opportunistically. Diet composition was assessed through observations, feeding traces, and fecal-sample analyses 11 . Identifying ranging behavior included recording signs of chimpanzee activity and, if indices were positive (fresh debris or vocalizations), we tried to approach them.
RESULTS
From April 2010 through June 2011 we conducted 292 field surveys and identified 13 villages along several dry season water sources associated with chimpanzees. In total we recorded 157 nesting sites, 85 feeding sites, several cases of tool-use (e.g. baobab cracking, termite-fishing, ant-dipping, tuber-digging), hand-dug wells and caves/shelters. Chimpanzees of Bandafassi were encountered more than 160 times, while data on demography, activity budget and reactions to observers stems from 146 observations at three study sites.
Encounters with chimpanzees
Despite the rarity of closed-canopy habitat 12 , chimpanzees were most often observed in gallery and ecotone forest (38.3% and 0.8% respectively; see Figure  1 ), followed by different woodland types (closed 26.3%, open 19.1% and bamboo 9.2%), on plateaus (3.5%), in grassland and along fields (1.4% both types). These results indicate chimpanzees' preference for forested habitats, especially for nesting. This habitat type is also most heavily exploited by humans, particularly nomadic pastoralists 13 . The average party size for various chimpanzee groups sighted was 5.8 (range . The largest daily parties were encountered at Nathia (mean 7.8), followed by Angafou (5.6), while the smallest groups ranged at Bandafassi (4.5). Foraging parties were on average composed of 2.4 males, 2.1 females, 1.6 juveniles, and 1.3 infants. The community at Angafou regularly nests along the stream and has indicated some acceptance of observers through time, while Nathia chimpanzees seem to have a vast homerange (> 70 km²) and use it seasonally.
As expected, apes were most often feeding (63.4% overall) upon sighting, foraging and traveling (17.9%), drinking (8.3%) resting (4.8%), nesting (2.1%) and other (in 3.4% mostly social behaviors). The most common reaction of chimpanzees in general was to leave the location (38% overall; see Figure 2 ), but positively they ignored us and indicated curiosity more often over time (24% and 20% respectively). However, important differences in reactions occurred among three sites with different human-chimpanzee relations. The apes indicated fear in only 14.3% of all episodes, but more significantly at Angafou. Nathia chimpanzees exhibited less fear than other communities and often ignored observers during prolonged contacts, while only apes at Bandafassi also displayed at human observers (4.3%).
Competition with humans
So far, chimpanzees consumed fruits (73.2%), pods (7.6%), nuts (4.9%), pith (4.9%), bark (2.9%), leaves (1.5%; partly used for medicinal purposes) and flowers (0.4%) from 39 plant species of at least 17 families. Social insects (termites and weaver ants together in 2.6%), tubers (wild yam and unidentified underground storage organs), honey (each in 0.4% of cases) and traces of geophagy were detected in their food repertoire. Many ape food sources are also used by local humans for various purposes (Pruetz  listed 17 species   14   ) , and at least five of their key feeding items are exploited commercially (e.g. Adansonia digitata, Saba senegalensis, Tamarindus indica, Parkia biglobosa, Cola cordifolia). Among tree species used for food or nest construction several were also cut by shepherds; e.g. Bombax costatum, Khaya senegalensis, Acacia spp., Ficus spp., and Zizyphus spp. 13 . Fulbe herders from North of the country were in fact most often encountered in the field, pruning trees for their large flocks of sheep (100-300), while harvesting of Saba fruits occurred as a key activity by local people in June.
DISCUSSION: A Vision For The Sustainable Community-Based Conservation
Chimpanzees' responses to observers appear to be influenced by their experience with local people, who are the crucial element for their conservation 15 . Natureculture tourism programs, including forest guards, could be an alternative solution to the complex relationship between the species 16 , while habituating the apes is not recommended 17 . The incentive could include local traditional customs related to primates (Bedik and Bassari initiation rites) and nature hiking with the opportunistic chance of chimpanzee viewing. This particular research project covers the widest geographical area in Senegal (> 500 km²), including several chimpanzee communities in rare forest patches. As of December 2011, five field assistants, serving as eco-rangers, monitor the most important chimpanzee sites. We established a limited "surveillance system" similar to J. Carter's in Guinea or further east in Senegal. Identified eco-guards monitor the ranging behavior of chimpanzees and at the same time limit crop-raiding and attacks on domestic animals. The two bordering-zones are important in terms of recognizing the existing forestcorridors available for possible gene-transfer within the population. It appears that with the continuous presence of researchers the apes ceased to capture goats, similarly as mango-raiding reportedly decreased. Encounters with shepherds, wine-collectors or hunters in the field are reported to local Eaux et forets authorities. Preliminary estimates from surveys in Senegal by S Ndiaye in May 2011 are encouraging and indicate the Senegalese population is stronger than thought and numbers up to 500 chimpanzees 18 . In fact, two of our main study areas (Angafou and Nathia) were recognized as priority sites for chimpanzee conservation 18 . To conclude, this project has laid solid foundations for the sustainable community-based conservation in Bandafassi arrondissement. However, the prospects for the future co-existence of savanna chimpanzees and humans depend on needed support from governmental agencies as well as investment in terms of research and funding.
